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7KHSXUSRVHRIWKHUHVHDUFKZDVWRGHYHORSDPHWKRGWRXQLI\WKHSHUFHSWLRQRIWKHVWUXFWXUHRIVSDFHDQGFRQVHTXHQWO\GHWHUPLQH
WKHUXOHVDQGSULQFLSOHV LQ LWVSODFH ,Q WKHSURFHVV LQGLFDWH WKHVSDFH WKDWZDV WREHFRPH WKHVXEMHFWRI UHVHDUFKEDVHGRQ WKH
ORFDWLRQRIWKHFLWLHVWKDWWKHVHDUHDVLQWHUDFW7KHPHWKRGRORJ\IRFXVHVRQDFRPSDULVRQRI&HQWUDO(XURSHDQFLWLHVZLWKVLPLODU
SRSXODWLRQVWDNLQJLQWRDFFRXQWWKHLUFKRLFHRIFRXQWULHVZLWKGLYHUVHHFRQRPLFGHYHORSPHQW
7KHFULWHULRQUHODWLQJWRWKHQXPEHURILQKDELWDQWVZDVLQWURGXFHGWRWKHFRPSDUDELOLW\RIXQLWVDQGWKHDUHDVWKH\VHUYHG,QRUGHU
WRLQGLFDWHWKHYDULDELOLW\RILQGLYLGXDOVSDFHFRQGLWLRQVEDVHGRQGDWDIURPWKH\HDUV7KHODVWSKDVHDVVXPHGWREXLOG
DIRUHFDVWRIWUDQVIRUPDWLRQVIRXQGHGDQRWKHUSRLQWLQWLPH
,QWURGXFWLRQ
8UEDQ DUHDV DQG WKRVH LQ WKHLU LPPHGLDWH YLFLQLW\ DUH VXEMHFWHG WR WKH SUHVVXUH RI XUEDQLVDWLRQZKLFK FDXVHV
FRQWLQXRXVDQGG\QDPLFFKDQJHVLQWKHZD\VWKH\DUHXVHG7KHUHIRUHWKH\SRVHDQLQWHUHVWLQJREMHFWIRUDQDO\VLV
ZKLFKLQWHUPVRIWKHVXEXUEDQLVDWLRQSKHQRPHQRQDOLJQVLQGLVSXWDEO\ZLWKWKHFXUUHQWWUHQGVLQVFLHQWLILFUHVHDUFK
6WURQJ LQIOXHQFHRIXUEDQFHQWUHVRQ WKH IXQFWLRQLQJRI VXEXUEDQDUHDVVKRXOGEH UHODWHGQRWRQO\ WRTXDQWLWDWLYH
TXDOLWDWLYHDQGVWUXFWXUDOFKDQJHVLQKRZWKHVSDFHLVVKDSHGDWDJLYHQPRPHQWEXWDOVRWRWKHOLYLQJVWDQGDUGRIWKH
UHVLGHQWVGHPRQVWUDWHGLQWKHJURZLQJHQYLURQPHQWDOVRFLDODQGHFRQRPLFFRVWRIWKHSURFHVVHVWDNLQJSODFH7KLVLV
DFNQRZOHGJHGE\DQXPEHURIVFLHQWLILFSXEOLFDWLRQVVKRZLQJWKHXQTXHVWLRQDEO\QHJDWLYHLPSDFWRIXUEDQLVHGDUHDV
RQYDOXDEOHQDWXUDOODQG>@7KHGHYHORSPHQWRIVXEXUEDQDUHDVZKLFK±GXHWRKLVWRULFDOUHDVRQV±XVHGWRKDYH
DJULFXOWXUDO IXQFWLRQ QRZ LQYROYHV WKH H[SDQVLRQ RI DUHDV GHVLJQDWHG IRU QRQDJULFXOWXUDO SXUSRVHV ,Q RUGHU WR
GHWHUPLQHWKHQDWXUHDQGG\QDPLFVRIWKHFKDQJHVWDNLQJSODFHLQVXEXUEDQDUHDVLQGLFDWRUVDUHVRXJKWZKLFKDOORZD
PRUHSUHFLVHGHVFULSWLRQ$QDWWHPSWWRLGHQWLI\VXFKSURFHVVHVLVWKHLQWURGXFWLRQRIWKHFRQFHSWRIPXOWLIXQFWLRQDOLW\
RIVSDFHUHODWLQJWRWKHLQGHWHUPLQDF\DPELJXLW\DQGXQFHUWDLQW\RIWKRVHVSDWLDOV\VWHPV>@6LQFHLQDGGLWLRQWRWKH
LQWHUQDOIHDWXUHVWKHDSSHDUDQFHRIVSHFLILFXVHVRIVSDFHLVDOVRODUJHO\DIIHFWHGE\UDQGRPIDFWRUVUHIOHFWHGLQYDULRXV
SRVVLELOLWLHVRIXVHDSUREDELOLVWLFDSSURDFKVKRXOGEHDSSOLHGLQWKHSUHVHQWDWLRQRIWKHRFFXUUHQFHRILQGLYLGXDOVWDWHV
7KLVDSSURDFKSURYLGHVDEDVLVWRDSSO\DPHDVXUHRIVSDWLDOGLVRUGHUUHIHUUHGWRDVHQWURS\ZKLFKDOORZVWDNLQJLQWR
DFFRXQWWKHSUREDELOLWLHVRIRFFXUUHQFHRILQGLYLGXDOVSDWLDOFRQGLWLRQV
7KHFRQFHSWRIHQWURS\ZDVILUVWLQWURGXFHGLQE\SK\VLFLVW5XGROI&ODXVLXVLQFRQMXQFWLRQZLWKWKHIRUPXODWHG
VHFRQG ODZRI WKHUPRG\QDPLFV7KURXJK LWV LPSRUWDQFHUHODWLQJ WR WUDQVIRUPDWLRQV LW LVDSSOLHG LQPDQ\DUHDVRI
VFLHQFH DOORZLQJ IRU PRUH DFFXUDWH GHVFULSWLRQV RI FKDQJHV WDNLQJ SODFH LQ WKH V\VWHPV XQGHU FRQVLGHUDWLRQ
$FFRUGLQJO\WKHLGHDRIPRGHOOLQJRIXUEDQDQGUXUDODUHDVXVLQJWKHHQWURS\LQGH[HPHUJHGLQWKHVIROORZLQJ
WKH:LOVRQ¶VSXEOLFDWLRQ>@7KHVWXGLHVSRLQWHGRXWWKHXVHIXOQHVVDQGYDOXHRIWKLVWRROLQVROYLQJSUREOHPV
UHODWHGWRG\QDPLFPRGHOOLQJRIV\VWHPVORFDWLRQPRGHOVDVZHOODVWKHRSWLPLVDWLRQRIV\VWHPVDQGSURFHGXUHV
7KHLQWHUHVW LQDQDO\VLQJVSDWLDOFRQGLWLRQVDQGFRPSDULQJWKHPLQGLIIHUHQWSRLQWV LQ WLPHLVUHIOHFWHGLQPDQ\
SXEOLFDWLRQV>@)XUWKHUPRUHWKHYHUVDWLOLW\RIWKHHQWURS\LQGH[PDNHVLWSRVVLEOHWRDSSO\LWDVDPHDVXUHRIWKH
GHJUHHRIERWKRUJDQLVDWLRQDQGFKDRVKRPRJHQHLW\DQGGLYHUVLW\XVHIXOQHVVRUXVHOHVVQHVVRUGHURUODFNRIRUGHULQ
DYDULHW\RIVSDWLDOVWUXFWXUHVUHODWLQJWRWKUHHDVSHFWVORFDWLRQSURFHVVG\QDPLFVDVZHOODVVL]HDQGVFDODELOLW\>@
$SSOLFDWLRQRIHQWURS\PHDVXUHDQGPXOWLIXQFWLRQDOLW\LQGH[
7KH DSSOLFDWLRQ RI WKH HQWURS\ PHDVXUHV DQG WKH PXOWLIXQFWLRQDOLW\ LQGH[ LQ DQDO\VLV RI VSDWLDO VWUXFWXUH
WUDQVIRUPDWLRQVLQVXEXUEDQDUHDVUHTXLUHVWKHXVHRIVWDQGDUGLVHGGDWDVHWVDQG*,6DSSOLFDWLRQV>@ZKLFKDOORZIRU
WKHH[HFXWLRQRIWKHUHOHYDQWVSDWLDODQDO\VHV7RWKLVHQGWKHGDWDRI&RULQH/DQG&RYHUZKLFKDUHDYDLODEOHIUHHRI
FKDUJH DQG DOORZXVHUV WR FDSWXUH WKH FKDQJHV LQ FRYHU DQG VSDFH XVDJH LQ(XURSHZDVXVHG ,Q RUGHU WR GHILQH
DOWHUQDWLYHIXQFWLRQVRFFXUULQJLQWKHDQDO\VHGDUHDVILIWHHQFODVVHVRIODQGFRYHUZHUHDSSOLHGFRQVWLWXWLQJWKHVHFRQG
OHYHORIGDWDGHWDLOLQJIRUDQWKURSRJHQLFDJULFXOWXUDODQGIRUHVWHGDUHDVZHWODQGVDQGZDWHUDUHDV7KHGDWDFROOHFWHG
PDGH LW SRVVLEOH WRGHWHUPLQH WKHGHJUHH RI VSDWLDO RUJDQLVDWLRQ DW D JLYHQSRLQW LQ WLPH7KHQH[W VWHS LQYROYHG
JHQHUDOLVDWLRQLQRUGHUWRGHWHUPLQHWKHRYHUDOOFRYHUDUHDRILQGLYLGXDOODQGFODVVHVZKLFKZHUHWKHQXVHGWRFDOFXODWH
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WKHSUREDELOLW\RIVSHFLILFODQGXVHVWRRFFXUDWDJLYHQDUHD>@7KHDERYHYDOXHVZHUHFDOFXODWHGZLWKWKHIROORZLQJ
IRUPXOD
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ZKHUHSLSUREDELOLW\RIRFFXUUHQFHRIDQLWKPDQQHURIODQGXVH3RZ&/&VXUIDFHDUHDRIWKHLWKPDQQHURIODQG
XVH3RZ&$/RYHUDOODUHDRIWKHDUHDRIVWXG\
$IWHUZDUGVE\UHIHUHQFLQJWKHLQGLYLGXDOSUREDELOLW\YDOXHVZLWKWKHFRQFHSWRIHQWURS\GHILQHGE\6KDQQRQ
DVWKHORVVRILQIRUPDWLRQLWEHFDPHSRVVLEOHWRLGHQWLI\DQDYHUDJHOHYHORIWKHVSDWLDOVWDWHLQGHWHUPLQDF\XVLQJWKH
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
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ZKHUHHPHDQHQWURS\cFRQVWDQWpiSUREDELOLW\RIRFFXUUHQFHRIDQGLWKPDQQHURIODQGXVH
%DVHGRQWKHDERYHIRUPXODWKHHQWURS\FDQWDNH]HURYDOXHLIWKHSKHQRPHQRQVWXGLHGLVQRWUDQGRPDQGLQYROYHV
RQO\RQHSRVVLEOHPDQQHURIODQGXVH+RZHYHUIRUHTXDOO\SUREDEOHVSDWLDOFRQGLWLRQVHQWURS\UHDFKHVLWVPD[LPXP
YDOXHDVGHWHUPLQHGZLWKWKHIRUPXOD

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ZKHUH+0$;PD[LPXPHQWURS\cFRQVWDQWpiSUREDELOLW\RIRFFXUUHQFHRIHDFKPDQQHURIODQGXVH
7KHODVWVWDJHDVVXPHGGHWHUPLQDWLRQRIWKHPXOWLIXQFWLRQDOLW\GHJUHHDVDPHDVXUHRIGLYHUVLW\RIODQGXVHVLQ
VXEXUEDQDUHDVWKXVSURYLGLQJDFRPSOHPHQWDU\DQGXQLYHUVDOIDFWRU%HFDXVHRILWVVWUXFWXUHLWDOORZVWDNLQJLQWR
DFFRXQWWKHDERYHVSDWLDOSDUDPHWHUVHQDEOLQJDFRPSDULVRQRIDYDULHW\RIVSDWLDOREMHFWV7KHPXOWLIXQFWLRQDOLW\
GHJUHHWDNHVWKHYDOXHVDVLQWKHIROORZLQJIRUPXOD

0$;0$;
Q+
HP
=W         
ZKHUH : LV WKH PHDVXUH RI PXOWLIXQFWLRQDOLW\ GHJUHH Q QXPEHU RI PD[LPXP SUREDELOLW\ FDVHV
30$;  PD[LPXP SUREDELOLW\ YDOXH RI WKHPDQQHUV RI XVH +0$; WKHRUHWLFDO PD[LPXP YDOXH RI WKH HQWURS\ RI
SUREDELOLWLHV
5HVXOWVDQG'LVFXVVLRQV
7KHVWXG\IRFXVHGRQWKHDQDO\VLVRIVXEXUEDQDUHDVRIFLWLHVLQ&HQWUDO(XURSHZLWKDVLPLODUSRSXODWLRQLQWKH
UDQJHRI WR WKRXVDQG LQKDELWDQWV7KH DVVXPSWLRQVPDGH UHVXOWHG LQ WKH FKRLFHRI FLWLHVZLWKGLYHUVH
WHUULWRULDOVRFLDODQGHFRQRPLFSRWHQWLDOLQ3RODQG*HUPDQ\WKH&]HFK5HSXEOLF6ORYDNLD/LWKXDQLDDQG/DWYLD,Q
WKHILUVWSODFHZKLOHGHOLPLWLQJVXEXUEDQDUHDVDQDVVXPSWLRQZDVPDGHWRVWXG\DQDUHDZLWKLQNLORPHWUHVIURP
WKHDGPLQLVWUDWLYHERUGHUVRIWKRVHFLWLHV6XFKGHVLJQDWHGEXIIHU]RQHVDOORZHGIRUWKHH[WUDFWLRQRILQIRUPDWLRQRQ
WKH ODQGFRYHUZLWKLQ WKHPIURP WKH&/&GDWDEDVH7KHQH[W VWDJHRI WKH UHVHDUFK LQYROYHGGHWHUPLQDWLRQRI WKH
DERYHPHQWLRQHGPXOWLIXQFWLRQDOLW\LQGLFDWRUVDQGFRQVHTXHQWO\WKHGHJUHHRIPXOWLIXQFWLRQDOLW\LWVHOI,WVKRXOGEH
QRWHGWKDWWKHSHUIRUPDQFHRIVSDWLDODQDO\VHVZDVSRVVLEOHWKDQNVWRWKHXVHRIWRROVDYDLODEOHZLWKLQWKH*,6)RUWKH
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UHVHDUFK LQTXHVWLRQ WKH$UF*LVSODWIRUPFUHDWHGE\(65,ZDVXVHG3URFHVVLQJRI WKH UHVXOWV REWDLQHG LQYROYHG
YLVXDOLVDWLRQZLWKWKHPDWLFPDSVDSSO\LQJ-HQNV1DWXUDO%UHDNVZLWKGLYLVLRQLQWRILYHFODVVHV


)LJ'LYHUVLILFDWLRQRIWKHPXOWLIXQFWLRQDOLW\GHJUHHPDSLQWKHFLWLHVVWXGLHG
7KHVSDWLDODQDO\VLVSHUIRUPHGWDNLQJLQWRDFFRXQWGLYHUVLW\GHJUHHRIPXOWLIXQFWLRQDOLW\RILQGLYLGXDOVXEXUEDQ
]RQHVVKRZHGWKHPRVWQXPHURXVFODVVHVWRLQFOXGHDUHDVIRUZKLFKWKHGHJUHHRIPXOWLIXQFWLRQDOLW\IDOOVLQWKH
UDQJHIURPWR2QWKHRWKHUKDQGWKHVPDOOHVWJURXSDFFRXQWLQJIRU]RQHVLQFOXGHGWKHDUHDIRU
ZKLFKWKHLQGH[YDOXHVZHUHWKHORZHUVIDOOLQJLQWKHUDQJHIURPWR7KHUHVXOWVREWDLQHGDUHPRUH
SUHFLVHO\SUHVHQWHGLQWKHWDEOHEHORZDQGRQWKHPDS
6XPPDU\
7KH UHVXOWV REWDLQHG IRU WKHYDOXHVRI WKHGHJUHHRIPXOWLIXQFWLRQDOLW\ DFKLHYHGSRLQW WR WKHPRQRIXQFWLRQDO
FKDUDFWHURI WKHVXEXUEDQDUHDVDQDO\VHG7KLV LVDFNQRZOHGJHGE\WKHORZLQGH[YDOXHVLQDOODQDO\VHGDUHDV WKH
JUHDWHVWEHLQJRQO\DVGHWHUPLQHGIRUWKHVXEXUEDQDUHDRIWKHFLW\RI3RWVGDP7KHUHDVRQIRUWKDWLVWKHFOHDU
GRPLQDWLRQRIDJULFXOWXUDODQGIRUHVWHGDUHDVLQWKRVH]RQHV,QRUGHUWRLQFUHDVHWKHXVHIXOQHVVRIVDLGLQGH[DVDWRRO
IRUVWXG\LQJVXEXUEDQDUHDVRQHVKRXOGFRQVLGHUWDNLQJLQWRDFFRXQWVXFKHOHPHQWVDVWKHHIIHFWRILQGLYLGXDOPDQQHUV
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RI XVH RQ WKH G\QDPLFV RI WKH FKDQJHV WDNLQJSODFHZKHWKHU WKURXJK H[HUWHG SUHVVXUH RU LQFUHDVHG UHVLVWDQFH WR
WUDQVIRUPDWLRQV
7DEOH6XPPDU\RIVXEXUEDQDUHDVWDNLQJLQWRDFFRXQWWKHGLYLVLRQLQWRWKHPXOWLIXQFWLRQDOLW\LQGH[FODVVHV
&ODVVHV &LW\LQYHVWLJDWHG 0XOWLIXQFWLRQDOLW\LQGH[LQWHUYDOV
&ODVV,
2VQDEUFN3áRFN:áRFáDZHN7RUXĔ(UIXUW:DOU]EXUJ6LHJHQ
+LOGHVKHLP6DO]JLWWHU/HJQLFD-HQD3DUGXELFH:ROIVEXUJ+UDGHF
.UiORYp*HUD

&ODVV,,
=LHORQD*yUD(OEOąJ/DOEHFN*RU]yZ:LHONRSROVNL,QJROVWDGW
3RQLHZLHĪ3UHVRY5HJHQVEXUJ3DGHUERUQ2SROH)UHLEXUJ2ORPRXF
7DUQyZ6]DZOH.REOHQ]&RWWEXV8OP7ULHU+HLOEURQQ

&ODVV,,, (UODQJHQ5]HV]yZ.áDMSHGD)DOUWK3IRU]KHLP%UHPHUKDYHQýHVNp%XGČMRYLFH.LHOFH5HXWOLQJHQ/LEHUHF+HLGHOEHUJ%LHOVNR%LDáD 
&ODVV,9 6DDUEUDOFNHQ'DUPVWDGW*DVWWLQJHQ:DáEU]\FK.DVVHO3O]HĖ2OV]W\Q5RVWRFN 
&ODVV9 2OGHQEXUJ2IIHQEDFKÒVWtQDG/DEHP/XGZLJVKDIHQ.RV]DOLQ'DXJDYSLOV0DLQ]3RWVGDP 

7KHVHWRIYDOXHVGHWHUPLQHGLVFKDUDFWHULVHGE\ORZYDULDELOLW\UDQJHZKLFKPLJKWEHSURRIRIZHOOHVWDEOLVKHG
VWUXFWXUHRI VXEXUEDQDUHDVRI WKH FLWLHV WKDWPHHW WKHDVVXPSWLRQVPDGH)RUPRUHDFFXUDWHGHWHUPLQDWLRQRI WKH
SDUDPHWHUV RI WKLV VWUXFWXUH D PRUH FRPSUHKHQVLYH DQDO\VLV VKRXOG EH SHUIRUPHG XVLQJ GHWDLOHG ODQG FRYHUDJH
GHVFULSWLRQSURYLGHGDW&/&OHYHO>@0RUHRYHUWKHPHDVXUHGHYHORSHGDOORZVIRUDPRUHDFFXUDWHDQDO\VLVRIWKH
G\QDPLFVRIWKHSURFHVVHVWDNLQJSODFHSURYLGHGWKDWLWVYDOXHLVGHWHUPLQHGIRULQGLYLGXDOSRLQWVLQWLPH7KHPXOWL
IXQFWLRQDOLW\PHDVXUH DGRSWHG LV RI XQLYHUVDO QDWXUH DQG DOORZV WKH FRPSDUDWLYH DQDO\VHV RI WKH GHYHORSPHQW RI
LQGLYLGXDOVHWWOHPHQWXQLWV1RWHWKDWVRPHFLWLHVVKRZDWHQGHQF\WRLQFUHDVHGLYHUVLW\LQWKHLUVXEXUEDQDUHDV7KLV
UHVXOWVLQDKLJKHUWKDQLQRWKHUFDVHVLQFUHDVHRIWKHSHUFHQWDJHRIDUHDVZLWKDQWKURSRJHQLFQDWXUHZKLFKGLYHUVLI\
WKHVXEXUEDQVSDFHWRDJUHDWHUH[WHQW
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